Objectives The study aims are to (1) examine the prevalence of risk-taking (i.e., behaviors that can be categorized as rebellious or reckless) and (2) determine the influence of risk-taking on adherence, seizures, and health-related quality of life (HRQOL) in adolescents with epilepsy. An exploratory aim was to identify predictors of risk-taking. Methods Fifty-four adolescents with epilepsy (M ¼ 15.33 6 1.46 years) and caregivers completed questionnaires on demographics, risk-taking, parent-child relations, adolescent inattention/hyperactivity, and HRQOL at four time points across 1 year. Seizure occurrence and electronically monitored adherence were also collected. Results Rebellious behaviors were normative and stable over 1 year in adolescents with epilepsy. Higher rebelliousness was related to poorer adolescent-reported memory HRQOL. The only significant positive predictor of rebellious behaviors was adolescent age. Conclusions Adolescents with epilepsy endorsed normative levels of rebelliousness, which is negatively related to HRQOL. Older adolescents may warrant clinical attention.
Risky behaviors can be categorized as either rebellious or reckless in nature (Gullone, Moore, Moss, & Boyd, 2000) . Rebellious behaviors, such as underage drinking, taking drugs, and staying out late, are a means of experimentation with potential legal and social consequences . In contrast, reckless behaviors, such as drinking and driving, stealing cars, and having unprotected sex, can result in lifethreatening consequences or have long-term impacts (e.g., severe injury, imprisonment, unwanted pregnancy; Arnett, 1992) . Both rebellious and reckless behaviors peak during adolescence, with 32% of high school students trying smoking, 63% alcohol, 39% marijuana, 2-17% other illegal substances (e.g., heroin, cocaine, ecstasy, illegal prescription drugs), and 8% of drivers engaging in drunk driving. Furthermore, 91% of sexually active high schoolers reported not using appropriate birth control to prevent both pregnancy and sexually transmitted infections (Kann et al., 2016) . Over the course of development, adolescents' risk-taking behavior increases (Gardner & Steinberg, 2005) .
Findings from developmental neuroscience demonstrate that adolescents are motivated by novel experiences and are predisposed to impulsive and risky behaviors owing to an immature inhibitory control system (Chambers, Taylor, & Potenza, 2003) . In addition, neuroimaging studies have revealed two pathways for risk-taking behavior: a social-emotional system (i.e., more automatic and reactive) and a cognitive control system (i.e., thinking through, inhibiting impulses) (Albert, Chein, & Steinberg, 2013) . For adolescents, the social-emotional system develops before the cognitive control system, and this imbalance coincides with an increase in salience in rewards and difficulty delaying gratification, culminating in a time of heightened likelihood of risk-taking behaviors for adolescents (Albert et al., 2013; Steinberg, 2004) . Changes in these systems are salient for risk-taking, which is defined as behavior "which involves potential negative consequences (loss) but is balanced in some way by perceived positive consequences (gain)" (Gullone, Moore, et al., 2000, p. 347) .
In addition to developmental changes, adolescence is often accompanied by decreased parental monitoring (Modi, Marciel, Slater, Drotar, & Quittner, 2008) , as well as increased desires for autonomy, feelings of invincibility, and susceptibility to peer influence (Albert et al., 2013) . Adolescents are more likely to take risks (e.g., driving, drinking alcohol) in peer groups than when alone (Chassin, Presson, & Sherman, 1989; Gardner & Steinberg, 2005; SimonsMorton, Lerner, & Singer, 2005) , especially when compared with adults (Gardner & Steinberg, 2005) . In fact, children as young as 6 years are influenced by peer social norms when making decisions involving risk (Morrongiello, McArthur, Kane, & Fleury, 2013) . Examination of typical risk-taking behaviors is particularly important for adolescents with chronic illnesses because those who engage in one risky behavior are more likely to engage in other risky behaviors (Dryfoos, 1993) , which could lead to poor illness management and adherence. For example, in pediatric diabetes, risk-taking has been conceptualized as a factor within self-management (Wasserman, Anderson, & Schwartz, 2017) . That is, nonadherence itself represents a risk-taking behavior in adolescence, as the biological systems related to control and motivation may play a role in whether adolescents choose to adhere to their treatment recommendations. Additionally, authors conceptualize biological rewards (sex, food, social approval, avoidance of pain) as motivations for avoiding or delaying adherence.
Research findings regarding risk-taking in pediatric illnesses is equivocal. A study of pediatric diabetes, as well as a population-based study of adolescents with chronic illnesses found higher or equal engagement in risky behaviors compared with healthy peers (Scaramuzza et al., 2010; Suris, Michaud, Akre, & Sawyer, 2008) . In contrast, adolescents with chronic kidney disease and spina bifida demonstrated lower rates of risky behaviors (Dodson, Diener-West, Gerson, Kaskel, & Furth, 2007; Murray et al., 2014) . While the impact of risk-taking in adolescents with chronic illness has been understudied, there is some evidence that less risk-taking is associated with better adherence and health-related quality of life (HRQOL). For example, lower risk behavior in adolescents with diabetes predicted better adherence (Hackworth et al., 2013) . However, in adolescents with chronic kidney disease, more risk-taking behaviors accounted for higher HRQOL (Dodson et al., 2007) .
Adolescents with epilepsy, a common neurological disease affecting 1.4% of youth aged 12-17 years (Russ, Larson, & Halfon, 2012) are particularly vulnerable to engaging in risk-taking behaviors. This is likely due to executive functioning deficits (Hoie et al., 2008; Jackson et al., 2013) and neurobehavioral comorbidities like attention deficit hyperactivity disorder (Davies, Heyman, & Goodman, 2003; Russ et al., 2012) that result in higher impulsivity and poor decision-making, especially in those with ongoing seizures (Wandschneider et al., 2013) . Comorbid depression can also make adolescents with epilepsy more vulnerable to risk-taking, such as suicide attempts (Plioplys, 2003) . It remains unknown whether adolescents with epilepsy look similar to children with other neurological disorders who demonstrate lower risktaking (Murray et al., 2014) , or are more comparable with children with broader chronic illnesses who engage in higher risk-taking compared with healthy peers (Suris et al., 2008) . Only one study examined risky behaviors in adolescents with epilepsy and found that 8% engaged in daily alcohol consumption and 12% tried illegal substances, with boys at higher risk than girls (Alfstad et al., 2011) . While this study identified some aspects of risk-taking, it did not examine broader rebellious and reckless behaviors of adolescence nor their longitudinal relationship to health outcomes (e.g., adherence, seizure occurrence, and HRQOL).
Combined, the neurobiological underpinnings of risk and the increased likelihood for executive dysfunction create a "perfect storm" for adolescents with epilepsy to engage in rebellious and reckless behaviors. These risktaking behaviors can have significant consequences for adolescents with epilepsy, including increased seizures. For example, the efficacy of antiepileptic drugs (AEDs) can be compromised with alcohol or drug exposure in individuals with epilepsy (Aird, 1983; Gordon & Devinsky, 2001; Nakken et al., 2005) . Further, staying up late or increased stress can also serve as seizure triggers in epilepsy (Aird, 1983; Brodie & French, 2000; Malow, Fromes, & Aldrich, 1997; Nakken et al., 2005) . The link between risk-taking behaviors and AED nonadherence is unknown in adolescents with epilepsy. However, poor adherence is related to worse seizure outcomes (Modi, Wu, Rausch, Peugh, & Glauser, 2014) , which drives poorer HRQOL (Ferro, 2014) . Therefore, risk-taking behaviors may be a key driver to poor outcomes in adolescents with epilepsy. The neurobehavioral stage of development makes adolescents with epilepsy more likely to engage in behaviors that have immediate rewards, especially in the context of their peers (e.g., skipping taking medication when out with friends), and less likely to be concerned about the negative consequences of their decisions for the future (e.g., will have a seizure) (Ernst, Pine, & Hardin, 2006; Gardner & Steinberg, 2005) .
Due to to the significant potential negative impact of risk-taking, it is important to identify those most likely to engage in risk-taking. Previous pediatric literature implicates demographic factors (age, sex, race, family socioeconomic status [SES] ), family factors (e.g., parent monitoring), and executive functioning skills (e.g., impulsivity) in risk-taking behaviors. Higher risk-taking is associated with older age (Gardner & Steinberg, 2005; Madsen, Roisman, & Collins, 2002; Scaramuzza et al., 2010) , male gender (Alfstad et al., 2011; Gardner & Steinberg, 2005; Van Dale et al., 2014) , non-White race (Gardner & Steinberg, 2005) , lower self-esteem (Jackman & MacPhee, 2017; Van Dale et al., 2014) , and lower family incomes (Alfstad et al., 2011; Van Dale et al., 2014) . Family factors, such as higher parental monitoring (i.e., control over child's behavior, adolescent-parent communication, and adolescent disclosure of information to parents), are negatively related to risky behaviors for youth. Furthermore, poor executive functioning is related to higher endorsement of hypothetical risky behaviors, while poor emotion regulation is related to increased participation in risky behaviors for typical adolescents (Magar, Phillips, & Hosie, 2008) . Although many isolated factors have been identified to affect risk-taking, demographic, family, and executive functioning have not been studied simultaneously to determine the most salient predictors of rebellious and reckless behaviors in adolescents with epilepsy. Even less is known about the extent to which risky behaviors are maintained over time. While the initiation of risk-taking behaviors are associated with factors previously mentioned (e.g., age, sex, race, SES, family factors, and executive functioning), the maintenance of risky behavior is likely influenced by parental monitoring (Wang et al., 2013) .
The current study has three aims. Our first aim is to examine the prevalence of risk-taking in adolescents with epilepsy and changes over 1 year. Because older age and later adolescence are associated with increased risktaking, it is hypothesized that risk-taking behaviors will increase over the year. The second aim is to examine the impact of risk-taking on health outcomes (adherence, seizure occurrence, and HRQOL). Higher risk-taking behaviors are expected to be associated with poorer adherence, increased occurrence of seizures, and worse HRQOL. An exploratory aim is to identify significant predictors of risk-taking in adolescents with epilepsy. Age, sex, race, SES, adolescent inattention/hyperactivity, parent-adolescent conflict, and parent involvement were hypothesized to predict risk-taking.
Methods and Materials

Methods
Participants were recruited during epilepsy clinic visits at a Midwestern children's hospital. Inclusion criteria consisted of the following: (1) adolescents aged 13-17 years, (2) current prescription of one AED, (3) absence of significant developmental disorder (e.g., autism), and (4) ability to speak and read English (adolescent and caregiver). Each eligible family was recruited by trained research assistants, who explained the overall study timeline and objectives. After providing informed consent and assent, adolescents and caregivers completed questionnaires in clinic or returned them via postal mail if necessary. Participants completed all questionnaires at four study visits across 1 year, approximately 3-4 months apart. Caregivers and adolescents received reimbursement in the form of a gift card for each study visit. The study was approved by the hospital's institutional review board.
A total of 70 families were approached and 10 declined due to being busy and not being interested in research, yielding a participation rate of 86%. Two participants withdrew and four participants never returned questionnaires and did not return for followup. Thus, participants included 54 adolescents with epilepsy and their caregivers. At Time 1, our primary outcome of interest was missing for n ¼ 4 participants owing to the adolescent not returning questionnaires; however, these participants completed later time points. Our retention rate at Time 2 was 93% (n ¼ 50/ 54), at Time 3 was 81% (n ¼ 44/54), and at Time 4 was 76% (n ¼ 41/54). One family withdrew at Time 2 and the rest were lost to follow-up because of moving or lack of time. No significant differences were found on age, sex, race, illness duration, or SES, for those who participated at Time 1 versus Time 2-4, with the exception of SES being significantly lower for those who did not complete Time 2 (t(51) ¼ 2.76, p < .01).
Measures
Background Information
Background information was obtained from caregivers at the baseline visit and included adolescent age, gender, and race. The Revised Duncan score (Stevens & Featherman, 1981) was calculated for each family based on caregiver occupation and serves as a measure of SES (Hauser, 1994; Nakao & Treas, 1992) . Higher scores (range 15-97) indicate higher SES.
Adolescent Risk-Taking Questionnaire
The Adolescent Risk-Taking Questionnaire (ARQ; ) is a 22-item self-report measure for adolescents aged 11-18 years. It uses a 5-point Likert scale to assess the level of risk-taking behaviors. For the current study, only the Rebellious Behaviors subscale (five items, e.g., staying out late) and Reckless Behaviors subscale (five items, e.g., stealing cars and going for joy rides) were used, due to their salience to engagement in risky behaviors and poor decision-making impacting safety and long-term consequences. Adolescents rate the degree to which they participate in the activity ranging from never done (0) to done very often (4). Higher total scores indicate higher levels of risk-taking. Cronbach's alpha for the Rebellious subscale was .83 for this sample. The Reckless subscale yielded an unacceptable reliability of 0.27 and thus this scale was not used in further analyses. The ARQ has good construct, convergent, and discriminant validity, and moderate test-retest reliability Gullone, Paul, & Moore, 2000) . Additionally, factorial invariance was found across ages (11-14 years old vs. 15-18 years old) and sex in typically developing teenagers, and factor analyses of the measure indicates that Reckless and Rebellious subscales are separate latent factors of risk-taking .
Behavior Assessment Schedule for Children-2 :SelfReport (BASC-2: SRP) The BASC-2-SRP (Reynolds & Kamphaus, 2004 ) is a self-reported measure of behavioral difficulty. It contains multiple scales based on an adolescent's selfreport, including school problems, internalizing problems, inattention/hyperactivity, emotional symptoms, and personal adjustment. This study used the inattention/hyperactivity composite scale. Standardized tscores (mean of 50 and standard deviation of 10) were used, and higher t-scores indicate greater inattention/ hyperactivity.
Parental Environment Questionnaire
The Parental Environment Questionnaire (McGue, Elkins, Walden, & Iacono, 2005 ) is a 42-item adolescent self-report measure used to assess aspects of the parent-child relationship. Items are assessed on a 4-point Likert scale with answers ranging from "definitely true" to "definitely false." Subscales include Conflict, Parent Involvement, Regard for Parent, Regard for Child, and Structure. This study used only the Conflict (e.g., disagreement, tension, and anger; sample item: "My parent often criticizes me.") and Parent Involvement (e.g., communication, closeness, and support; sample item: "My parent and I do not do a lot of things together.") subscales, each containing 12 items. Alpha coefficients were .91 for Conflict and .92 for Involvement.
MEMS 6 TrackCap
The Medication Event Monitoring Systems (MEMSV C 6 Trackcap; AARDEX Corporation, Union City, CA) was used as the electronic monitoring device to measure daily AED adherence. It consists of a bottle and cap that registers the dates and times that the medication bottle was opened. Parents were asked at study visits if there were any instances where the cap was not used (e.g., on vacations). Adherence was defined as the number of doses taken/number of expected doses Â 100%. Daily adherence was used to calculate a mean adherence score over four separate quarters of the 12-month study (0-3 months, 3-6 months, 6-9 months, 9-12 months). For analyses, only the first quarter of adherence (0-3 months corresponding with Time 2) was used.
Seizure Occurrence
Seizure occurrence was measured using a combination approach. A medical chart review covering the entire study period was conducted to collect data on seizure frequency, including recorded seizures, suspected seizures by epilepsy providers, and parent calls reporting a seizure. Additionally, parent report of adolescent seizure history (e.g., number of seizures since last study visit) was used at Time 2. In this study, seizure occurrence was a dichotomous variable representing the presence of seizure(s) in the past 3 months indicated by any of these data sources.
Quality of Life in Childhood Epilepsy Questionnaire
The Quality of Life in Childhood Epilepsy Questionnaire (Sabaz et al., 2003 ) is a 79-item parent report of their child's quality of life and is used for children from 4 to 18 years old. The measure assesses 15 domains of functioning including Physical Restrictions, Energy and Fatigue, Attention and Concentration, Memory, Language, Other Cognitive, Depression, Anxiety, Control and Helplessness, SelfEsteem, Social Interactions, Social Activities, Stigma, Behavior, and General Health as well as a total score. This total raw score is converted to a standardized score (ranging from 0 to 100) in which higher scores signify better HRQOL. Higher scores on Memory indicates better functioning (e.g., less trouble remembering things/names/location of items) and therefore improved HRQOL in the memory domain. Cronbach's alphas for the current study ranged from .62 (Control and Helplessness) to .98 (Language and Behavior), with a total score alpha of .95.
Quality of Life in Epilepsy Inventory for Adolescents
The Quality of Life in Epilepsy Inventory for Adolescents (QOLIE-AD-48; Cramer et al., 1999 ) is a self-report measure of HRQOL for adolescents (ages 11-18 years) with epilepsy. The measure generates eight subscales (Epilepsy Impact, MemoryConcentration, Attitudes, Physical Function, Stigma, Social Support, School Behavior, and Health Perceptions), as well as a total score. T-scores were used, with a mean of 50 and standard deviation of 10, with higher t-scores indicating a better quality of life. Cronbach's alphas for the current study ranged from .48 (School Behavior) to .93 (Memory), with a total score alpha of .93. The scale has good test-retest reliability (r ¼ .83) (Cramer et al., 1999) . The School Behavior and Health Perceptions (alpha ¼ .59) subscales were not analyzed because of low alphas.
Statistical Analyses
Descriptive data were examined for participant characteristics and for variables of interest (rebelliousness, family conflict, parent involvement, adolescent inattention/hyperactivity, adherence, seizure occurrence, and HRQOL). To address Aim 1, a linear mixed model using maximum likelihood (ML) estimation was conducted to examine rebelliousness over the yearlong study timeframe (Time 1, Time 2, Time 3, and Time 4).
To assess the impact of rebelliousness on HRQOL, linear regressions with ML estimation were conducted with rebelliousness (Time 1: baseline) as the predictor and HRQOL subscales (Time 2) as the outcome variable, controlling for baseline (Time 1) HRQOL. Logistic regression with ML estimation was conducted to examine the impact of rebelliousness (Time 1) on seizure occurrence (0 ¼ no; 1 ¼ yes) in the first 3 months of study. Finally, linear regression with ML estimation was used to examine the impact of rebelliousness on adherence in the first 3 months.
A linear multiple regression model using ML estimation was used to identify predictors of rebelliousness at baseline (Aim 3). Predictor variables included adolescent age, sex, race, SES, adolescent report of family conflict, parent involvement, and adolescent inattention/hyperactivity (all variables at Time 1). Race for this analysis was coded as White: Non-Hispanic versus Other. Variables at the baseline visit were used as predictors to determine which baseline characteristics are related to rebellious behaviors at baseline. Because most predictor variables were not expected to change significantly over time, only baseline analyses were conducted. All analyses were conducted in Stata version 14.
Results
Descriptive Data
Descriptive statistics for the sample are in Table I . Mean adherence from 0-3 months was 82.25% (SD ¼ 21.03%). Mean overall HRQOL was 56.38 (SD ¼ 6.18) for adolescents and 79.86 (SD ¼ 10.80) for caregiver report at Time 2. Seventy-two percent of the sample had experienced a seizure from Time 1 to Time 2.
Changes in Rebelliousness in Adolescents With
Epilepsy Over 1 Year Rebellious behaviors were endorsed by 71% of adolescents. Item-level endorsement of rebellious behaviors can be found in Table II 
Seizures
Analyses revealed that rebelliousness at Time 1 did not significantly predict the odds of seizure occurrence in months 1-3, odds ratio ¼ 0.88, p ¼ .27.
Predictors of Rebelliousness
Age at baseline was the only significant predictor of rebelliousness at Time 1 (b ¼ 0.79, p ¼ .001), suggesting that older children are more likely to be rebellious (see Table III ).
Discussion
To our knowledge, this is the first study to investigate rebellious behaviors in adolescents with epilepsy over time, examine the influence of these behaviors on health outcomes, and identify predictors of rebelliousness. The majority (71%) of adolescents endorsed at least one rebellious behavior, which was stable over the course of a year. Overall rates in the current study were higher than those found in a previous study of risky behavior in adolescents with epilepsy (Alfstad et al., 2011) , which focused on more extreme risky behaviors (e.g., committing criminal offenses, daily alcohol consumption). Results also indicate that adolescents with epilepsy engage in rebellious behaviors at a rate consistent with normative adolescent development (1.34 vs. 1.32, respectively) . This is consistent with previous findings (Gardner & Steinberg, 2005; Madsen et al., 2002; Scaramuzza et al., 2010) and may be attributed to an increase in the imbalance between the socialemotional and cognitive control systems as adolescents develop (Albert et al., 2013) . Clinical implications point to the need to screen all adolescents for rebellious behaviors, given that they experience comparable rates of risk-taking with a normative population. Given that general risk-taking behaviors influence the efficacy of AEDs (Aird, 1983; Brodie & French, 2000; Gordon & Devinsky, 2001; Malow et al., 1997; Nakken et al., 2005) , epilepsy health care providers should attend to and not neglect assessment of risk-taking in routine clinical care. Future studies should follow longer-term trajectories of risk-taking to better understand critical junctures when adolescents with epilepsy are most vulnerable to engage in risk-taking behaviors (e.g., older adolescents) and whether these behaviors change over the course of adolescence and young adulthood.
Results from the current study diverged from previous chronic illness and typical adolescent literature in several areas. Contrary to our hypothesis, higher rebellious behaviors were not associated with increased AED nonadherence. Higher risk-taking has been associated with poorer adherence in diabetes (Hackworth et al., 2013) , and some theories link general risk-taking with illness-specific risk-taking (Wasserman et al., 2017) . However, for adolescents with epilepsy, engaging in rebellious behaviors does not transfer to difficulties with epilepsy management and seizure control. It is possible that parents may take responsibility for adherence, and therefore, despite adolescent rebelliousness, the parent's oversight serves as a protective factor for adherence and, ultimately, seizure control.
Rebelliousness was negatively related to the Memory subscale of HRQOL. As rebelliousness increases, Memory HRQOL decreases. While more research is needed to assess the nature of this relationship, it is possible rebelliousness negatively influences memory, potentially through destructive behaviors (e.g., substance use). Alternatively, an underlying problem (e.g., executive dysfunction) may impact both an adolescent's engagement in rebellious behaviors and problems with memory. Findings should be interpreted within the context of several limitations. Despite previous research indicating good reliability of the ARQ, we were unable to examine reckless behaviors in adolescents with epilepsy owing to the poor reliability of this scale in the current study. Low internal consistency may be a result of the minimal endorsement of reckless behaviors in this population. However, lower endorsement of risk-taking has been published in previous pediatric chronic illness research compared with healthy peers (Dodson et al., 2007; Hackworth et al., 2013; Murray et al., 2014) . Measurement properties of the ARQ also made it impossible to capitalize on advanced statistical models for longitudinal data. Thus, a more reliable measure of risk-taking that encompasses a broader range of risky behaviors which can be used for repeated assessment is needed. Response bias is a concern when asking adolescents about illegal or potentially punishable behaviors in the presence of their parents. However, attempts were made to minimize bias by emphasizing privacy for the adolescent while completing their questionnaires. Future research may examine reports of risk-taking apart from parents or examine engagement in risk-taking in experimental settings. Previous literature has identified decreased parental monitoring (Wang et al., 2013) , depression (Plioplys, 2003) , and increased desire for autonomy (Albert et al., 2013) as factors impacting risk-taking, which should be assessed in future studies. Although every effort was made to examine rebelliousness over time, this was a 1-year natural observational study. It is possible that 1 year is insufficient to capture changes in rebellious behaviors, as these may be variable if the adolescent is 13 versus 17 years of age. Indeed, our finding that age is positively associated with rebelliousness indicates that older children are more likely to engage in rebellious behaviors. Future data collection should follow adolescents over a longer period to identify when risk-taking behaviors are most likely to occur and whether these naturally decrease into young adulthood as the brain matures or whether this is delayed in adolescents with epilepsy. Finally, research should examine risks that are particularly relevant for adolescents with epilepsy (e.g., swimming alone, driving without medical clearance, leaving home without a rescue medication).
Adolescents with epilepsy engage in normative levels of rebellious behaviors; however, some subgroups may be more vulnerable. Although rebelliousness was not a significant predictor of adherence or seizures, it does appear to be related to the memory domain of HRQOL, an important patient-reported outcome.
